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Abstract 


This report summarizes conclusions of this study, including an evaluation of 
progress on this problem since the completion of this project five years ago. 

It is concluded that overwhelming evidence has been developed in a number of 
studies of satellite data impact on numerical weather prediction that it is 
unrealistic to expect satellite temperature soundings to improve detailed 
regional numerical weather prediction. 

it is likely that satellite data over the United States would substantially 
impact rnesoscale dynamical predictions if the effort were made to develop a 
composite moisture analysis system. The horizontal variability of moisture, 
most clearly depicted in images from satellite water vapor channels, would 
not be determined from conventional rawinsondes even if that network were 
increased by a doubling of both the number of sites and the time frequency. 
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Summary or Results. 

The purpose of this project was to determine the usefulness of satellite 
sounding data in a research regional numerical weather prediction model. It 
was soon recognized that considerable experimentation and diagnosis would 
be required and that the bulk of the work would be in development of a quality 
software system. This erfort was completed with development of the 
Llmited~£rea and tlesoscale Prediction System, LAMPS. The tests with 
satellite data included simulations of a cyclonic storm originally off the 
West Coast of the United States, 1200 GMT, 18 August, 1975. 

The results of the tests comparing fine-mesh (140-km grid) simulations with 
and without the satellite sounding data showed relatively small impact with 
little benefit or harm. The signal to noise problem was highlighted when the 
differences between Goddard and Wisconsin retrievals had as large an impact 
as the difference between either of the above and the no satellite data case. 
When these results were presented in a seminar at Goddard Space Fight 
Center, it was suggested that the sounding data we got from Goddard must 
have used an obsolete retrieval system. 

This conclusion is characteristic of most satellite data impact studies over 
the past 25 years. Any negative findings are based on obsolete techniques, by 
definition. Naturally, it always is hoped that the next test or the next 
retrieval system or the next satellite observing system will result in clear 
improvements in numerical weather prediction. 

In any case, the computer software system did succeed and continues to serve 
the needs of many researchers at several institutions on several NASA 
projects (see Appendix A). 


Current Status. 

There have been extensive tests of many numerical models and many satellite 
data sets. There is no question that satellite data are of substantial help in 
large regions devoid of conventional sounding data. However, it is becoming 
practical to extend the conventional sounding data coverage to include most 
of the Northern Hemisphere oceans. It can be expected that continued 
advances is satellite data systems will result in their continued usefulness 
to supplement the ship-board sounding systems that are just now being . 
implemented. The balance of this discussion will focus on the use of 
satellites in regions that have conventional sounding data. 
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Detailed numerical weather predicion models (regional and mesoscale models) 
have been in use by the research community for ten years. Nevertheless, it 
remains to be shown that mesh sizes less than about 80 km are worthwhile 
for operational weather prediction. The problem is that the phenomena that 
are really important to predict in detail cannot yet be predicted reliably. Our 
experience with LAMPS is in agreement with findings of other investigators. 

The failure of mesoscale numerical weather prediction to reach operational 
weather prediction status can no longer be attributed to inadequate computer 
power. Whether it is inadequate initial data or inadequate model physics is 
still subject to debate, but our experience indicates that we are data limited. 
This conclusion is based on several cases of extremely good forecasts along 
with several cases of extremely poor forecasts. Since we don’t know which 
forecasts to believe ahead of time, all forecasts are unreliable and 
operationally useless. 

Much of our research into the problem of operational prediction, as opposed to 
scientific studies of weather system simulation, have dealt with heavy local 
rains or severe weather. In these situations it is critical to the users that 
the location of the event be determined within 100 km even though the timing 
of the threat is not that critical. The reliability of a forecast of hazardous 
weather should achieve at least one correct forecast for every two false 
alarms. Much of the damage from local flooding requires 12 hour advance 
notice. Many lives can be saved with much less notice if and only if an 
emergency response system is in place prior to the event, a requirement that 
is not practical if the events are too rare. 

Substantial improvement in weather prediction during the past several 
decades have been directly related to improvements in numerical weather 
prediction made possible by the supercomputers now in use in all major 
prediction centers. Satellite data have been critical to success only for 
improvements beyond 36 hours and as a replacement for the weather ships 
and the reconnaisance aircraft in use 20 years ago. Geostationary satellite 
data are an integers! part of severe convective storm forecasting but skill in 
this area still lags requirements by an unacceptable amount. 

The challenge remains to effectively utilize satellites to improve 
short-range detailed prediction of hazardous weather in the United States, 
which in our experience is data limited. The key question is: are current 
satellite data systems adequate or must we wait for advanced satellite 
systems, including microwave sounders and lidar wind systems. 
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Our experience suggests that substantial gains in this problem area will not 
come from satellite temperature data but rather from satellite information 
on atmospheric moisture. 

To date, little effort has been devoted to analysis of atmospheric moisture on 
the scales that are important to detailed numerical weather prediction. Such 
analyses would have to use geostationary images, VAS soundings, radar data 
and conventional surface and rawinsonde data in conjunction with a dynamical 
mesoscale prediction model with substantia) moist physics. A man-machine 
four-dimensional data assimilation system would be required to perform the 
composite analysis. 

The impact of moisture data is obvious in the sense that low-level 
atmospheric moisture limits many rainstorms. Also, clouds depend on 
moisture and clouds have a tremendous impact on boundary layer temperature 
and surface evaporation. However there is another impact that is both 
dramatic and unexpected. Precipitation is substantially enhanced when 
observed horizontal variations in water vapor are preserved, rather than 
smoothed, in the analysis stage even if the area-average water vapor is not 
changed. This phenomena was discovered by an experiment in which 
horizontal variations were artificially imposed but it was recently confirmed 
by an experiment in which realistic horizontal variations were removed by 
smoothing (see Appendix B). 

Conclusion. 

It is unrealistic to expect satellite temperature soundings to improve 
detailed weather prediction. It is likely that satellite data over the United 
States would substantially impact mesoscale dynamical predictions if the 
effort were made to develop a composite moisture analysis system. The 
horizontal variability of moisture, most clearly depicted in images from 
satellite water vapor channels, could not be determined from conventional 
rawinsondes even if that network were increased by a doubling of both the 
number of sites and the time frequency. 
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1. INTRODUCTION 

An often noted and lamented cltarac- 
terlotlc of numerical uuuther prediction models 
Is that they require soveral hours to generate 
non-convect tve pruclpltat Ion fruia a dry, 
aynaptic-ocolc Initial otnto. This "upln-up” 
time can be a serious .drawback for llral ted -a run 
ncRoacale models which are run for relatively 
short time periods (<24 h). TIiuh, a significant 
portion (2 to 6 h) of a simulation may he con- 
numcd waiting for the model to generate inter- 
nally consistent distributions ot vapor water 
(q), cloud water (c), rain water ( r) and ver- 
tical motion (w). Furthermore, bocuuae of the 
short time sralca associated with mennacalo pro- 
cesses, after n model doea finally generate pre- 
cipitation in a given area, that precipitation 
Is likely to be out of plume with reality. This 
situation, limits the usefulness of mcuoscale 
simulations for most operational purposes. 

The purpose of tills study Is to Investi- 
gate the relative Importance of the Initial spe- 
cification of q, r, r and w for meaoscale 
precipitation forecasting. Thene four parame- 
ters were chosen because of their likely signi- 
ficance and obvinuo relationship to precipita- 
tion. Related Initialization studies by others 
have also focuocii on some of these variables 
(Perkey, 1976; Tnrbell, 1979; Perkoy, I960; 
Uolcotc and Warner, 1981). 

2. MODEL DESCRIPTION 

The model employed for this study was 
the Droxel University LAMPS {Limited Aran 
Hesoucalc Prediction System) model (Perkey, 
1976; Chang ^t n_l_. , 19MI ; Maddox cH ill . , 19111). 
The LAMPS model la a 16-level, fully moist, pri- 
mitive equation model with options lor <mii lous 
grid spacing, nnd parasitic nesting of finer 
resolution simulations within coarser resolution 
almulotlonn. A corrals following siginii-helghc 
coordinate la used In the vertical with levels 
at 0.0, 0.026, 0.375, 0. 75(1, 1.25, 2.U, 3.0, 
4.5, 6.0, 7.5, 9.0, 10.5, 12.0, 14.0 and 16.0 
km. 


The prugiiosl Ic model variables I nr lude 
wind components u nnd v, vlrcuul potential tem- 
perature 0 V| an well mi q , c and r, and the 
modified Kxner function x which Is predicted at 
the mudul top and diagnosed hydrostatically at 
all lower lovels. Thu vertical velocity la 
diagnosed from the continuity equation which is 
subject to the constraint that 1c equal zero at 
the model top nnd Is determined by the terrain 
slope at the bottom. Horizontal space dif- 
ferencing is fourth-order accurate. Tlmo dif- 
ferencing is second-ordur leapfrog with a weak 
time filter applied tu uvutd ll.u liiheienl com- 
putational mode. A fourth-order diffusion torm 
la applied to prognoatlc variables to eliminate 
features- not resolvable by the modul Rrld. The 
diffusion coefficient 1s Increased near the 
lateral boundarten. Spongu boundary conditions 
are coed In clils study. 

The planetary boundary layer (s modeled 
with K- theory. .Fluxea of moisture, heat and 
momentum through the onrfnce layer are handled 
with Mon In-Obukhov similarity. Precipitation in 
partitioned Into grid resolved and parameterized 
modes which Incorporate Roaster type parameteri- 
zation for mlrrnphys leal convert. Ions among q, c 
and r. Only the grid-scale precipitation pro- 
cesses were Invoked for this study. 

Model simulations were performed on a 
70-km mesh over an area bounded by 107° mid HO' 
W longitude and 23.626° and 43.625° N latitude. 
In diagnostic portions of this paper we will 
focus on n subnet of tills domain. 

3. EXPERIMENTAL DEE ION 

The basic experimental strategy can be 
summarized nil a four step process. First, a 
control lill l .iiL H 1 ate Is derived from a 
"reference simulation" which already contains 
significant mesoaeaLo structure and precipita- 
tion (see below for discussion of the reference 
a I mul a t ton) . Second, a r out rn 1 a him! . 1 1 1 on ini- 
tialized with the contrul Initial state Is run. 
Third, various nuns ll I v 1 1 y s I mu l a t Inns , each 
Initialized with a dll lucent degraded vcrnluii of 
the control Inti lal ■ state, are. run. Finally, 
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conclutloni * re drawn baaed upon Che degree to 
which each aennlclvlcy simulation reproducea the 
control* Differences between the sensitivity 
and control simulations are attributed to spec! - 
fie alterations of the control Inltlnl state. 
The experimental design la shown achoautlcal ly 
In Figure l< 

Tha reference simulation was a 16-h 
LAMPS alaulatlon beginning at 120U CUT 6 March 
19B2. It was Initialized ulch zero cloud and 
rain water and with non-dlvergcnt wlndo 
prescribed from a non-linear balance equation; 
Chua, Initial vertical anion wna zero. The 
reference simulation sarveo as surrogate or 
laboratory analog to the real atmosphere. Even 
though all conclualono are drawn within the con- 
test of a numerical aodcl represents! ion of Che 
atmosphere, a highly verifiable reference simu- 
lation (see Section 4 below) lendu credibility 
to projecting reoulto of this study to the real 
world. Internally and dynamical ly consistent 
fields of u, v, o vt s , q, c and r eight hours 
(20000 QiT) Into thin reference alaulatlon were 
selected an the meaoscale control initial otate. 
Although other variables like pressure tenden- 
cies and dlabatlc heating races were available, 
only the seven bualc variables Hated above were 
used since, with the exception of liquid water 
variables, they represent the variables that arc 
measured by synopt ic-ec al o conventional 
observing networks and are traditionally used to 
Initialize numerical models. 

This control initial atacc in 
Interpreted as corresponding to a "perfect" 
■esoacale specification of the aenndurd meteoro- 
logical variables (u, v, T, q and p) as well no 
c and r which have been added' for these experi- 
ments. Because the wind and mass fields are 
dynamically consistent with the model represen- 
tation, the simulations initialized sc 2000 0MT 
do not experience deleterious effects fra* 
geaetrophlc adjustment processes. The control 
and sensitivity slnulatlins ended at 0400 CMT 7 
March, their length being limited because the 
model precipitation, the main focus of this 
otudy , began to novo out of the model domain. 
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Figure 1, Schematic summary of raodul simula- 
tions, Experiments arc listed vertically 
along with the state of the initial variables. 
The duration for each alaulatlon la Indicated by 
horizontal time lines. An overbar superscript 
denotes smoothing. An "R" superscript lndicuten 
moisture fields which have been reduced to be 
sub-aacurated. 


Figure 2, Initial (2000 GMT) vertical motion 
fields at 4.5 Km resulting from unsmoothed 
(upper panel) and smoothed (lower panel) hori- 
zontal wind fields. The contour Interval la 

0.25 cm s~l. 

Only the control simulation and five of 
15 sensitivity simulations are described in this 
paper. Initial conditions for Slmul tl Ioiih A 
through K are uummurlzcd in Kip, lire l. The 
control simulation Is designated A. The Initial 
state for simulation B uua Identical to A except 
that cloud and ruin water were initialized to 

zero. In addition to c » 0 and r » 0 In 

Simulation C, the horizontal wind fields were 
smooched to reduce the vertical velocities to 
those flint could bo considered representative of 
synoptic-scale vortical morions. In Simulation 
D the initial specific humidity field, q, wue 
also amnothed such that small-scute structure 
was reduced while conserving the total preclpl- 
tablc water within the domain. Simulation E Is 
the same as D except that the spec life humidity 
wan .reduced in areas where relative humidity 
exceeded 902. The re In I Ive humidity and sub- 
sequently the q field were altered according In 






Figure 3. Initial smoothed mid unsraoothod spucl- 
flc humidity fields ur 2 Km. Units arc gra Kg _ l. 


Rll* - Rll - (RH - 90 )/2 

Thun, arena of 1002 Rll were reduced to 952. 
Simulation E In a more nevere constraint on tho 
water vapor distribution thun Simulation D. 
Thin simulation was suggested by the common 
occurrence that an objective analysis of Rll at a 
given point, being a weighted aum of surrounding 
observations, may produce an Rll value well below 
1002 when only onu or two observations over a 
large domain Indicate saturation. While the 
Control Simulation A represents a perfect 
menoucale initialization, Simulation F. Is 
intended to correspond to model results obtained 
using standard, large-scale initialization data 
and procedures. In Simulation F, humidity was 
reduced hut no smoothing was performed. 


Figure 4. Rain and cloud water at 4.5 Km In the 
control initial state at 2U00 GMT . Units aru gin 
Kg~' with a contour interval of U.l. 


FlguroH 2 and 3 Illustrate the effects 
of smoothing the horizontal wind fields on the 
resulting vertical motion field and of smoothing 
the spsclllc humidity field that comprise 
Simulations II through E. Figure 4 shows the 
distributions of cloud and rain water present In 
the control Initial state. 

4. COMPARISON OF THE REFERENCE SIMULATION 

TO OBSERVATIONS 

To establish credibility for l lie 
reference simulation from which all Initial data 
were derived, those results are compared brlelly 
to ohse rva 1 1 mis. In Figures 5 and li 5110-mb 

height fields at tliu beginning and end of the 
simulation show the correct changes tu trough 
locutions anil or I ent.it Iona. 1)1 1 t e reneoii In the 
Initial mti.l.’l and ulmerved 'ilJII-mh height fields 


■ ra primarily because the oboorvod field was 
hand-drawn baaed on available radlonomln data 
while Che model Initial field won bound on tho 
earns radiosonde data, but ohjnvtlvuly analyzed 
using LKM analyses for ftrut gnu no fields* 
Satellite IK IraiiKea (Figure 1) duplet 
primary c loud/procl pi tat Ion arena for tho cnoe 
etudy period* Tho Images have been enhanced eo 
Chat whlce oreae corroopond to cloud cop tem- 
poraturoe leas than 232 K* Tho chroo-hourly 
sequence starts at 1200 (XT 6 Hnrch and ends nt 
0300 CMT 7 March cloae to the und time of tho 
model simulation. There are u number of Impor- 
tant features to bo noted. First, the Initial 
meaoucale cloud pattern Is dominated by a S W to 
NB band extending from eastern Texan to Klnuourl 
end by a large precipitation urea In Illinois 
and Indiana* Thla band travolled anatward und 
became a secondary feature, giving way to a 
rapidly developing cloud/proc Ipl tat ton nyntora on 
the Louisiana coast between 1300 and 1800 (XT. 
Thla developing area expanded rapidly northward 
no It propagated toward tho cast-northouat* 
During til 1 0 period the 500-km wide uyeten 
engulfed moat of Hlsalaelppl, then Alabama and 
then Georgia by 0300 CXT. Notice that by 0000 
GMT another band hao developed In oaetorn 


Louisiana ami Arkansas and moved norlhu.iatwurd 
reaching Indiana and Ohio by 0900 (XT (not 
shown). 

All of the nbovu features ware seen to 
evolve In the aadal almul.it Ion. because space 
does not ponalt lengthy map sequences only three 
flguree are shown to highlight tho model evolu- 
tion and verification. Thu Initial furuutlon 
of accurate cloudu and precipitation pat', a rim 
did not occur until about 1800 (XT and were 
first evident nit dl.tliarlr (Intent) limiting rates 
(Figure Bn). The corrcujHiudunro of this flguru 
to tho 1200 CMT aatulllte Images la exrullont; 
however, the inudel wits nearly 0 It late In pro- 
ducing liquid water. Thun, the reference altmt- 
lacloti is u perfect example of the time delay 
between preclpl tot Ion Initiation In meuoscnla 
modulo and reality dlacuaaod lit the Introduc- 
tion. By 2100 CMT rain had reached the surface 
and precipitation rate fields (Figure Bb) uhew 
the development of thu precipitation area on the 
Louisiana count. Tills field allows excellent 
correspondence to tho 1800 (XT IK Image, no that 
the model appears to la "ranking up" for the Ini- 
tial delay. By OtOO CMT rain wuter at A. 3 km 
(Flguru 8c) shown that medal precipitation him 
nearly caught up with obnorvut Ions. In par- 
ticular, nut i* thu rti r re npu ndo ure of (lie main 




Figure 5. Model 500 mb gcono t cut lal height ana- 
lyses for Che reference simulation Initial state 
und twelve liouru later. Contours are label lad 
In dekametero. 


Figure 6. Observed 500 mb goopotentlnl height 
analyses corresponding to the model analyses In 
Figure 5. 




praclpLcat Lon area over Alabama and development 
of the aeeoitd prec 1 pt t at Ion band over eastern 
Louisiana with the 0001) (NT antelllto Image. 
The model aecondury bund propagatbd toward the 
northeaet m observed. 

Baaed upon this brief coropariaon between 
major mruoaculn precipitation atructnrea In 
the andel and obaurvut Iona , the reference qlau- 
lacton appearu to provide a reanunuble nud 
accurate analog to the evolution of the real 
atmosphera for W Hatch, 1 9U2 . 




Figure 7. Time ouquonce of antelllto Infrared 
laayaa correapondlng to the period covered In 
the model reference ulraul.it ion. Images wore 
enhanced oo thut brightness temnorat urea leas 
than 232 K appear white. 


5. RESULTS OF THE SENSITIVITY SIMULATIONS 

In this section precipitation fur 
Simulattonu A through F are cuuipnrctl. All 
colculatlonu were made for a subset or "window" 
of the model Integration domain. This window 
encompasoeo the main prec Ipl Cal Ion areas at ul 1 
times (the window boundaries are 2U* lo A2* N, 
82" to 90* W). Total precipitation values, 
plotted against time In Figure 9, were calcu- 
lated by Integrating hut f -hour! y surface accumu- 
lations (mm) at alt grid points within the 
window. The Control Simulation A produced. Che 
most precipitation at nearly all tinea. 
Neglecting c and r (Simulation H) reduced the 
totul aren Integrated precipitation by only u 
few percent by the end of the a lmul.it Ion! 
however, more s Ign I f 1 can I y , neglecting r nud r 
caused a delay In the appuarance o{ significant 
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Figure A* FIoUIb of a) ili.ibiclc lu'at tn>! mti'R 
(unltH 1 0"*^ J h) auifjie** tu'cc Imita- 

tion rati»H (iinlttf U)"^ him h~ J ) nml <:) r iln 
ai 4. S Km (unit a tfin fievur.il Urioh hi 

the reference *» lmul.it Ion. TIm* hi” lire to bi 1 com- 
pared with finite] Lite lm«i|’cit In Kl^hre 7. 
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surface preclpi ration (defined by cool prsclpl- 
taC Ion >100 no) by about 1 1/2 h relative to tlie 
control. Smoothing the wind Mo Nil (Simulation 
C) mat ended till* delay by an nddltlonnl 1/2 ti 
and slightly reduced tho total precipitation 
below that In Simulation 0. 

The eoet critical factor wee tho ropre- 
aentetlon of the Initial noloture analyeta 
(eeneltlvlty simulations D through F). Thu 
degree of smoothing Indicated by Figure 1 
reunited In a 44I reduction aa compared to the 
Control at 0400 Q 1 T (curve A vureue D). 
Ensuring nmienturnt ion before amoothlng 
(Slaulatlon E) netted a 551 reduction In total 
precipitation and a 2 1/2 h delay before algnl- 
f leant precipitation occurred. Notice chut 
Simulations 0 and E, both of which unud iimouthud 
Initial moisture fields, cone lituoualy diverge 
froa the control curve Indicating that raodut 
prec 1 pi t at tan was unable to recover from changes 
Introduced by the moisture smoothing. This 
impact may be re luted strongly to the amount of 
detail In the Inlclal state (E versus F), 

From Simulations 1) and E ulonu It la not 
possible to sasess the rul a 1 1 vu Impact of 
smooching vursus reducing saturated areas to 952 
Rll. Smoothing not only ollmlnatcu small-acala 
structure but also raducea the amount ,of area 
experiencing Initial saturation; thus, 
Simulations D and E are not mutually exclusive 
In their epacl f Icat Ion of aoisturu. 

Simulation F ruduced tho relative hural- 
dity but performed no smoothing. Thus, tho 
degree to which F produces lees precipitation 
the.. C Is because tho Initial state Is unsa- 
Curated. The Influence of smoothing Is assessed 
by the difference between F gnd E. Simulation 0 
allows Che effect of smooching without regard Co 
saturation in the Initial state. 
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Figure 9. Area Integrated precipitation an a 
function of time for the control and aenatclvlcy 
simulations. Line A corresponds to n "perfect* 
mesosen lo Initialization while line E represents 
model Initialization from conventional synoptic 
scale observations. 



Figure 10. Percent ureal of model domain window 
receiving precipitation at thu surface for the 
same cauea au la Figure 9. 


Percent areal coverage of pruc I pi tat Lon 
within the window la displayed as a function of 
time In Figure 10. Using 10Z coverage as a 
reference point. It la sunn that, again 1 1/2 h 
Is required for tho dry (nu liquid water) 

Simulating B to reach the same level as the 
control simulation. For 20Z coverage the delay 
la 2 1/2 h. Smoothing thu Initial humidity and 
vertical motion fleldu as In Stunt, it Ion r. 
contributes another 1 1/2 h to thu delay for 

10Z. Degrading the representations ot q, c, r 
and w all result In reduction In the total area 
affected by precipitation, and nil remain 10 to 
15Z below thu control simulation showing no evi- 
dence of recovery beyond the Initial splil-op 
period. 

Figures 11 and 12 compare distributions 
of rain wacur at A. 5 km and total surface accu- 
mulations fur Blautni luiiH A and IS at n lull UK, 

respect Ive ! y . Tlurso s Imii I a t Ions were chosen to 

represent opposite omhi of tho spun rum for 
mcooscale Initialization of q, c, r and w. (n 
the contrul simulation, thu large precipitation 
area had throe distinct centers: one over 

southeast Alabaea, one ovur central Tuiiiiesseu 
and a weak one aver nurtlieauteru Kentucky. Thu 
degraded Simulation E shows une rain water 
(Figure 11) maximum In central Alabama with the 
largest value belug 1.62 g kg* l camps red io 5.4b 
g kg - * far the control. 

Both stmilatlons show the same pattern 
for total accumulation although the tunxiniuiit for 
thu control is almost four times as large as 
thnt for Simulation E. Part of this difference 
must be dun tu the several hour «ptn-up t laiu for 
precipitation III E, Similar m.ipu for the other 
a Imulac Ions Indicated that degradation of the 
tnlttaL c, r and u fields resulted In only minor 
changes In prec Ipl fat Ion piircerns and accumula- 
tions, l.e. , these slmuta: Inns converged toward 
thu control simulation as suggested lit Figure 9 
for .iron Integrated precipitation. Thus, again 
the largest effects resulted from degradation of 
the q field. 
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Figure ll> Distribution of 4.5 Km rain water at 
0300 GMT for tlio control simulation A (upper 
panel) and ulmulotlon E (lower Fanol). Contour 
Interval la 0.1 go Kg~l. 


6. CONCLUSIONS 

ThlH study uttemptud to eatlmntu the 
degree 'to which the aynopt ic-ocale (no opposed 
to a oeooacale) Initial state Unite the 
accuracy of mcuc’cnle numerical modul utrauln- 
tlons of precipitation. Renulto from these 
simulations with the LAMPS tnennncule model for 
one case suggest that failure to provide 
accurate muaoscle Initial fields of wutcr vapor 
and vertical mutton, and Initial cloud and rain 
water fields causes auhatantl.il modification to 
botli the areal coverage and total rainfall 
amounta calculated by the mennsrnlc modul. Mis- 
specification of those key parameters Is suf- 
ficient to account far the several hours 




Figure 12. Model surface precipitation nccumula- 
t Iona through U DUO t!HT tor the control alinulj- 
tlon A (upper panel) and simulation E (lower 
panel). Contour Interval la 2.0 mm. 


commonly required to spin up precipitation In 
□usaacalo numerical simulations. Recall that 
the Initial mououcnlu tempurnturu and proaauru 
distributions were not modified In those sluiula- 
t ions. 

It was found that i although cloud and 
rain water were not essential for reproducing 
thu total amount of surface precipitation after 
tho first several hours, neglect tug c and r In 
tha Initial state did reault Iti a 2-ti delay to 
generating basic pruct pi r at Ion patterns. Tin' 
primary eft net of Initializing the mo. I.-I with 
aynopt Ic-ncal ■■ vertical Hint Ions (Instead of 
meson? a lo) was to Increase this time delay bet- 
ween model Initialization and Initial generation 
of aurface precipitation. 


Alteration of the meioacale Initial 
moisture fleldu hetl tint groatuiit taped* 
Smoothing ttia moisture field r omitted In Manlier 
total eccuaul.it lan and xronl coverage of precl- 
pltitlon. The »ff«i*» of smoothing were two- 
fold. About Imlf of the nodel lapnrt wnM 
became smoothing reduced the nruas experiencing 

■ aturetlon. Tho other Imlf reunited froa the 

ollalnutlon of small-scale ntruduru In tho 
aOleture field. Tho latter le conelstnnt with 
LAMPS experiments ehown hy Per key (1900) In 
which randtss porturbatlonn wore added to a 

■ ■ooth Inlt Ini luoletura min I ye In while coir 
• anting tho total naount of water vapor. In 
that study it wan found that tho model louaoocule 
precipitation structure and character let lea were 
highly eunaltlve to (lie aigotnil of detail III tin' 
initial moisture anulyute. Tho prcoont atinly 
corruboralue thoeu cone luut end but le more 
poignant In that the Initial states did not rely 
on • statistically perturbed moisture flold but 
were deterministic and could be linked to rent 
■eooicale precipitation episodes. 

It must be emphasized that the degraded 
initial states of Simulation* 0 through F are 
qnly superficially analogous to synopt Ic-ocsle 
conditions because the usual difficulties with 
dots sampling, measurement error, snd objective 
snslysla error have been eliminated in those 
Idealized simulations. Since tha mouoscale tem- 
perature and prussuro fields wore retained, this 
suggests that tha proseiu ncudy probably still 
overestimates currant capahllltleu for producing 
accurate masoscale precipitation forecasts uti- 
lizing conventional data sources. 
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